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ENZYMATIC DETERGENT COMPOSITIONS 

TECHNICAL FIELD 

The present invention generally relates to the 
5 field of enzymatic detergent and cleaning compositions. More 
in particular, the invention is concerned with enzymatic 
detergent compositions comprising enzymes having lipolytic 
activity. 

10 BACKGROUND AND PRIOR ART 

Various types of enzymes are known as additives for 
detergent compositions. For example, detergent compositions 
containing proteases, cellulases, amylases, lipases and 
various combinations thereof have been described in the 
15 literature and several such products have appeared on the 
market. The present invention is concerned with detergent 
compositions comprising lipolytic enzymes or lipases. Such 
enzymes could contribute to the removal of fatty soil from 
fabrics by hydrolysing one or more of the ester bonds in tri- 
20 glycerides. 

EP-A-214 761 (Novo Nordisk) discloses lipases which 
are derived from organisms of the species Pseudomonas 
cepacia, and EP-A-258 068 (Novo Nordisk) discloses lipases 
which are derived from organisms of the genus Thermomyces 
25 (previous name Humicola ) . Both patent applications also 
describe the use of these lipases as detergent additives. 

Further examples of lipase-containing detergent 
compositions are provided by EP-A-205 208 and EP-A-206 390 
(both Unilever) , which disclose a class of lipases defined on 
30 the basis of their immunological relationships, and describe 
their use in detergent compositions and textile washing. The 
preferred lipases are those from Pseudomonas fluorescent 
Pseudomonas gladioli and Chromobacter species. 

EF-A-331 376 (Amano) describes lipases, their use 
35 and their production by means of recombinant DNA (rDNA) 
techniques, and includes an amino acid sequence of lipase 
from Pseudomonas cepacia. Further examples of lipase enzymes 
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produced by means of rDNA techniques are given in WO-A- 
89/09263 and EP-A-218 272 (both Gist-Brocades). 

In spite of the large number of publications on 
lipase enzymes and their modifications, only the lipase 
derived from Hn^i^la la nuginosa and produced in Aspergillus 
orvzae as host has so far found wide-spread application as 
additive for fabric washing products. It is available from 
Novo-Nordisk under the trade name Lipolase (TM) . 

In his article in Chemistry and Industry 1990, 
pages 183-186, Henrik Malmos notes that it is known that 
generally the activity of lipases during the washing process 
is low, and Lipolase (TM) is no exception. During the drying 
process, when the water content of the fabric is reduced, the 
enzyme regains its activity and the fatty stains are 
15 hydrolysed. During the following wash cycle the hydrolysed 
material is removed. This also explains why the effect of 
lipases is low after the first washing cycle, but significant 
in the following cycles. These findings are also described by 
Aaslyng et al. (1991), in "Mechanistic Studies of Proteases 
20 and Lipases for the Detergent Industry", J.Chem.Tech. 
Biotechnol. 50, 321-330. 

The inventors of the present application regard it 
as a disadvantage of the existing detergent products which 
contain a lipolytic enzyme, that no significant benefit can 
25 be expected from the lipolytic enzyme when the products are 
used to wash fabrics which have not been in contact with the 
detergent product before. 

Furthermore, there is a growing tendency in Europe 
and the United states among the users of automatic washing 
30 machines to employ tumble dryers for drying the washed 

fabrics, in these machines, the wet cloths are rapidly dried 
by contacting them with hot air. The drying process which 
normally may take from 6 to 48 hours at ambient temperature, 
can be shortened to less than one hour using a tumble dryer. 
As said above, the lipase enzyme regains its activity during 
the drying process, when the water content of the fabric is 
reduced. The period of optimal water content for the lipase 
is strongly shortened when a tumble dryer is used. 



35 
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Consequently, the consumer will benefit less from the 
presence of conventional lipase enzymes in a detergent 
product, when the product is used in a wash process which 
includes a drying step in a tumble dryer. 
5 It is therefore an object of the present invention 

to provide an enzymatic detergent composition which exhibits 
a substantial lipolytic activity during the main cycle of a 
wash process in an automatic washing machine, and which 
consequently will exhibit lipolytic activity when used to 
10 wash fabrics which have not been in contact with the 

detergent product before. It is also an object of the present 
invention to provide an enzymatic detergent composition which 
is especially suitable for use in combination with a tumble 
dryer* 

15 It is a further object of the present invention to 

provide a process for producing such an enzyme which exhibits 
a substantial lipolytic activity during the main cycle of a 
wash process in an automatic washing machine. 

We have now surprisingly found that there exist 

20 lipolytic enzymes which can be used to formulate detergent 
compositions which exhibit a substantial lipolytic activity 
during the main cycle of a wash process. Furthermore, we have 
found that there is a good correlation between the capability 
of exhibiting such a lipolytic activity during the main cycle 

25 of a wash process and their inactivation behaviour with Di- 
isopropyl Fluoro Phosphate (DFP) . Thus, suitable lipolytic 
enzymes can be conveniently selected on the basis of their 
inactivation behaviour with DFP. In particular, cutinase 
enzymes of eukaryotic origin were found to be suitable 

30 enzymes exhibiting such a lipolytic effect during the main 
cycle of a wash process. 

WO-A-88/ 09367 (Genencor) suggests combinations of a 
surfactant and a substantially pure microbial cutinase enzyme 
to formulate effective cleaning compositions. Disclosed are 

35 detergent compositions comprising a cutinase obtained from 
the (prokaryotic) Pseudomonas outida ATCC 53552. However, in 
the more recent European patent application EP-A-476 915 
(Clorox) , it is disclosed that the same enzyme - which is 



WO 54/03578 



PCI7EP93/01923 



4 

then referred to as a lipase - is no more effective than 
other lipases in removing oil stains from fabrics, when used 
by conventional methods. In other words, this enzyme is not 
believed to exhibit an in-the-wash effect. 
5 wo-A-90/09446 (Plant Genetics Systems) describes 

the cloning and production of a eukaryotic cutinase from 
murium solani nisi in E. coli. and mentions inter alia that 
this cutinase could be used to produce cleaning agents such 
as laundry detergents and other specialized fat dissolving 
10 preparations such as cosmetic compositions and shampoos. 

Specific enzymatic detergent compositions are not disclosed 
or suggested, so that the skilled man would find no incentive 
to select this particular enzyme to formulate detergent 
compositions for fabric washing. 



20 



pBFTNTTION OF THE INVENTION 

~* According to a first aspect of the invention, there 

is provided an enzymatic detergent composition comprising: 
(a) 0.1 - 50 % by weight of an active system which comprises 
(ai) 0 - 95 % by weight of one or more anionic 
surfactants and 

(a2) 5 - 100 % by weight of one or more nonionic 

surfactants ; and 
25 (b) 10 - 20,000 LU per gram of the detergent composition of 
an enzyme which is capable of exhibiting a substantial 
lipolytic activity during the main cycle of a wash process. 

According to a second aspect of the invention, 
there is provided a process for identifying and selecting an 
30 enzyme which exhibits a substantial lipolytic activity during 
the main cycle of a wash process in an automatic washing 
machine on the basis of its inactivation behaviour with Di- 
isopropyl Fluoro Phosphate (DFP) . 

According to a further aspect of the invention, 
35 there is provided a process for producing such an enzyme. 
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DESCRIPTION OF T HE INVENTION 
(a) The surfactant system 

The invention in one of its aspects provides an 
enzymatic detergent composition comprising from 0.1 - 50 % by 
5 weight of an active system, which in turn comprises o - 95 % 
by weight of one or more anionic surfactants and 5 - 100 % by 
weight of one or more nonionic surfactants. The surfactant 
system may additionally contain amphoteric or zwitterionic 
detergent compounds, but this in not normally desired owing 

10 to their relatively high cost. 

In general, the nonionic and anionic surfactants of 
the surfactant system may be chosen from the surfactants 
described "Surface Active Agents" Vol. l, by Schwartz & 
Perry, Inter science 1949, Vol. 2 by Schwartz, Perry & Berch, 

15 Interscience 1958, in the current edition of "McCutcheon 1 s 
Emulsifiers and Detergents" published by Manufacturing 
Confectioners Company or in "Tenside-Taschenbuch" , H. Stache, 
2nd Edn., Carl Hauser Verlag, 1981. 

Suitable nonionic detergent compounds which may be 

20 used include, in particular, the reaction products of com- 
pounds having a hydrophobic group and a reactive hydrogen 
atom, for example, aliphatic alcohols, acids, amides or alkyl 
phenols with alkylene oxides, especially ethylene oxide 
either alone or with propylene oxide. Specific nonionic 

25 detergent compounds are C 6 -C 22 alkyl phenol-ethylene oxide 
condensates, generally 5 to 25 EO, i.e. 5 to 25 units of 
ethylene oxide per molecule, and the condensation products of 
aliphatic C 8 -C 18 primary or secondary linear or branched 
alcohols with ethylene oxide, generally 5 to 40 EO. 

30 Suitable anionic detergent compounds which may be 

used are usually water-soluble alkali metal salts of organic 
sulphates and sulphonates haying alkyl radicals containing 
from about 8 to about 22 carbon atoms, the term alkyl being 
used to include the alkyl portion of higher acyl radicals. 

35 Examples of suitable synthetic anionic detergent compounds 
are sodium and potassium alkyl sulphates, especially those 
obtained by sulphating higher C 8 -C 18 alcohols, produced for 
example from tallow or coconut oil, sodium and potassium 
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alkyl C 9 -C 20 benzene sulphonates, particularly sodium linear 
secondary alkyl C 10 -C 15 benzene sulphonates; and sodium alkyl 
glyceryl ether sulphates, especially those ethers of the 
higher alcohols derived from tallow or coconut oil and 
5 synthetic alcohols derived from petroleum. The preferred 
anionic detergent compounds are sodium C n -C 15 alkyl benzene 
sulphonates and sodium C 12 -C 18 alkyl sulphates. 

Also applicable are surfactants such as those 
described in EP-A-328 177 (Unilever) , which show resistance 

10 to salting-out, the alkyl polyglycoside surfactants described 
in EP-A-070 074, and alkyl monoglycosides. 

Preferred surfactant systems are mixtures of 
anionic with nonionic detergent active materials, in 
particular the groups and examples of anionic and nonionic 

15 surfactants pointed out in EP-A-346 995 (Unilever) . 

Especially preferred is surfactant system which is a mixture 
of an alkali metal salt of a C 16 -C 18 primary alcohol sulphate 
together with a C 12 -C 15 primary alcohol 3-7 EO ethoxylate. 

The nonionic detergent is preferably present in 

20 amounts greater than 10%, e.g. 25-90% by weight of the 

surfactant system. Anionic surfactants can be present for 
example in amounts in the range from about 5% to about 40% by 
weight of the surfactant system. 



25 fb) The enzvme 

The enzymatic detergent compositions of the 
invention further comprise 10 - 20,000 LU per gram, and 
preferably 50 - 2,000 LU per gram of the detergent 
composition, of an enzyme which is capable of exhibiting a 

30 substantial lipolytic activity during the main cycle of a 
wash process. In this specification LU or lipase units are 
defined as they are in EP-A-258 068 (Novo Nordisk) . 

By a substantial lipolytic activity during the main 
cycle of a wash process, or in-the-wash effect, it is meant 

35 that a detergent composition containing the enzyme is capable 
of removing a significant amount of oily soil from a soiled 
fabric in a single wash process in a European type of 
automatic washing machine, using normal washing conditions as 
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far as concentration, water hardness, temperature, are 
concerned. It should be born in mind that under the same 
conditions, the conventional commercially available lipolytic 
enzyme Lipolase (TM) ex Novo Nordisk does not appear to have 
5 any significant in-the-wash effect on oily soil. 

The in-the-wash effect of an enzyme on oily soil 
can be assessed using the following assay. New polyester/ 
cotton test cloths having a cotton content of 33% are 
prewashed using an enzyme-free detergent product such as the 

10 one given below, and are subsequently thoroughly rinsed. Such 
unsoiled cloths are then soiled with olive oil or another 
suitable, hydrolysable oily stain. Each tests cloth (weighing 
approximately l g) is incubated in 30 ml wash liquor in a 100 
ml polystyrene bottle. The wash liquor contains the detergent 

15 product given below at a dosage of 1 g per litre. The bottles 
are agitated for 30 minutes in a Miele TMT washing machine 
filled with water and using a normal 30 °C main wash 
programme. The enzyme having lipolytic activity is preadded 
to the wash liquor at 3 LU/ml. The control does not contain 

20 any enzyme. The washing powder has the following composition 



(in % by weight) : 

Ethoxylated alcohol nonionic surfactant 9.5 

Sodium sulphate 38.6 

Sodium carbonate 40.4 

25 Sodium silicate (Na 2 0:si 2 0 = 2.4) 7.3 

Water a 2 



As nonionic surfactant we used C 12 -C 15 ethoxylated 
alcohol 10.5-13 EO, but it was found that the nature of the 
ethoxylated alcohol nonionic can vary within wide limits. 

30 After washing, the cloths are thoroughly rinsed 

with cold water and dried in a tumble dryer with cold air, 
and the amount of residual fat is assessed. This can be done 
in several ways. The common method is to extract the 
testcloth with petroleum ether in a Soxhlet extraction 

35 apparatus, distilling off the solvent and determining the 
percentage residual fatty material as a fraction of the 
initial amount of fat on the cloth by weighing. 
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According to a second, more sensitive method, 
brominated olive oil is used to soil the test cloths 
(Richards, S., Morris, M.A. and Arklay, T.H. (1968), Textile 
Research Journal 38, 105-107) . Each test cloth is then 
5 incubated in 30 ml wash liquor in a 100 ml polystyrene 
bottle. A series of bottles is then agitated in a washing 
machine filled with water and using a normal 30°C main wash 
programme. After the main wash, the test cloths are carefully 
rinsed in cold water during 5 seconds. Immediately after the 

10 rinse, the test cloths dried in a dryer with cold air. After 
drying the amount of residual fat can be determined by 
measuring the bromine content of the cloth by means of X-ray 
fluorescence spectrometry. The fat removal can be determined 
as a percentage of the amount which was initially present on 

15 the test cloth, as follows: 

% Soil removal = Bromine^, - Bromine-. .- * 100 % 

; Bromine bw 

wherein: Bromine bw .denotes the percentage bromine on the 
20 cloth before the wash and Bromine aw the percentage bromine 
after the wash. 

A further method of assessing the enzymatic 
activity is by measuring the reflectance at 460 nm according 
to standard techniques. 
25 According to the invention, the detergent 

composition comprises an enzyme which is capable of removing 
at least 5% more, preferably at least 10% more oily soil, on 
the basis of the initial amount of oily soil, than the same 
detergent composition without the enzyme, in the assay as 

30 herein described. 

Another way of defining the enzyme activity is by 
relating it to the activity of the commercially available 
Lipolase (TM) , a lipase which can be obtained from 
Novo/Nordisk. According to the invention, the ratio of 

35 enzymatic oily soil removal by the enzyme to the enzymatic 
oily soil removal by Lipolase (TM) in the assay as herein 
described is at least 3, preferably at least 5. By enzymatic 
soil removal is meant the soil removal which can be 
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attributed to the presence of the enzyme, i.e. by subtracting 
as background the soil removal which is observed in the 
absence of the enzyme* 

Now that it has been disclosed to him by the 
5 present application that is possible to formulate detergent 
compositions having a substantial in-the-wash effect, it will 
be clear to the skilled man how to select a suitable enzyme 
for use in the present invention. However, we have found a 
very convenient method for selecting suitable lipolytic 

10 enzymes for the compositions of the invention, which method 
is based on our finding that the in-the wash effect of 
lipolytic enzymes is closely correlated to their inactivation 
behaviour with Di-isopropyl Fluoro Phosphate (DFP) . It is 
generally known that this compound reacts readily with the 

15 active site serine residue in lipolytic enzymes which thereby 
lose their enzymatic activity. We have found that lipolytic 
enzymes which are readily inactivated by DFP, i.e. which 
possess an accessible active site serine residue, generally 
have good in-the-wash effect. On the other hand, lipolytic 

20 enzymes which are more slowly inactivated by DFP, i.e. which 
possess an inaccessible active site serine residue, generally 
have no or a very poor in-the-wash effect. Lipolytic enzymes 
which exhibit a residual activity of less than 50%, 
preferably less than 40%, after a 10 minute incubation with 

25 DFP at pH 10 at room temperature, were found to have a good 
in-the-wash effect. Even better in-the-wash effects were 
found with lipolytic enzymes having a residual activity of 
less than 25% and the best effects were found with lipolytic 
enzymes having a residual activity of less than 15%. The 

30 details of the DPF-inactivation assay can be found in the 
Examples. 

Suitable enzymes for the compositions of the 
invention can be found in the enzyme classes of the esterases 
and lipases, (EC 3.1.1.*, wherein the asterisk denotes any 
35 number) . 

A much preferred type of enzyme exhibiting an in- 
the-wash effect according to the invention is a eukaryotic 
cutinase. Cutinases are a sub-class of enzymes (EC 3.1.1.50), 
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the wax ester hydrolases. These enzymes are capable of 
degrading cut in, a network of ester if ied long-chain fatty 
acids and fatty alcohols which occurs in plants as a 
protective coating on leaves and stems. In addition, they 
5 possess some lipolytic activity, i.e. they are capable of 
hydro lysing triglycerides. Thus they can be regarded as a 
special kind of lipases. 

A characteristic feature of lipases is that they 
exhibit inter facial activation. This means that the enzyme 
10 activity is much higher on a substrate which has formed 
interfaces or micelles, than on fully dissolved substrate. 
Interface activation is reflected in a sudden increase in 
lipolytic activity when the substrate concentration is raised 
above the critical micel concentration (CMC) of the 
15 substrate, and interfaces are formed. Experimentally this 

phenomenon can be observed as a discontinuity in the graph of 
enzyme activity versus substrate concentration. Contrary to 
lipases, however, cutinases do not exhibit any substantial 
interfacial activation. 
20 Because of this characteristic feature, i.e. the 

absence of interfacial activation, we define for the purpose 
of this patent application Cutinases as lipolytic enzymes 
which exhibit substantially no interfacial activation. 
Cutinases therefor: differ from classical lipases in that they 
25 do not possess a helical lid covering the catalytic binding 
site. 

Because of their fat degrading properties, 
cutinases in general have been proposed as ingredients for 
enzymatic detergent compositions. For example, WO-A-88/09367 

30 (Genencor) suggests combinations of a surfactant and a 

substantially pure; microbial cutinase enzyme to formulate 
effective cleaning compositions. Disclosed are detergent 
compositions comprising a (prokayotic) cutinase obtained from 
the Gram negative bacterium psmidomonas putj,da ATCC 53552. 

35 However, as mentioned above, in the more recent European 
patent application EP-A-476 915 (Clorox) , it is disclosed 
that the same enzyme - which is then referred to as a 



WO 94/03578 



PCT/EP93/01923 



lipase - is no more effective than other lipases in removing 
oil stains from fabrics, when used by conventional methods. 

The cutinase gene from Fusarium solani pisi has 
been cloned and sequenced (Ettinger et al., (1987) 
5 Biochemistry 26, 7883-7892). WO-A-90/09446 (Plant Genetics 
Systems) describes the cloning and production of this gene in 
E. coli . The cutinase can efficiently catalyse the hydrolysis 
and the synthesis of esters in aqueous and non-aqueous media, 
both in the absence and the presence of and interface between 

10 the cutinase and the substrate. On the basis of its general 
stability, it is suggested that this cutinase could be used 
to produce cleaning agents such as laundry detergents and 
other specialized fat dissolving preparations such as 
cosmetic compositions and shampoos. A way to produce the 

15 enzyme in an economic feasible way is not disclosed, neither 
are specific enzymatic detergent compositions containing the 
cutinase. 

Cutinases can be obtained from a number of sources, 
such as plants (e.g. pollen), bacteria and fungi. The 

20 Cutinase to be used in the present invention is chosen from 
the group of eukaryotic Cutinases. Such eukaryotic Cutinases 
can be obtained from various sources, such as plants (e.g. 
pollen) , or fungi. 

The group of (eukaryotic) fungal Cutinases appears 

25 to comprise two families with different specificities, leaf- 
specificity and stem-specificity. Cutinases with leaf- 
specificity tend to have an acidic or neutral pH-optimum, 
whereas Cutinases with stem-specificity tend to have an 
alkaline pH-optimum. Cutinases having an alkaline pH-optimum 

30 are more suitable for use in alkaline built detergent 

compositions such as heavy duty fabric washing powders and 
liquids. Cutinase having an acidic to neutral pH-optimum are 
more suitable for light duty; products or rinse conditioners, 
but also for industrial cleaning products. 

35 in the following Table I, four different stem- 

specific Cutinases are listed, together with their pH-optima. 
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TABLE I 

Examples of cutinases with stem-specificity pH-optimum 
Fusarium solani pisi 9 
Fusarium roseum culmorum 10 

8 5 

Rhizoctoma solani 

Alternaria brassicicola (PNBase I) 9 

Especially preferred in the present invention are 
Cutinases which can be derived from wild type Fusarium solani 
pjsi (Ettinger et al., 1987). When used in suitable detergent 
compositions, this cutinase exhibits clear " in-the-wash" 
effects. 

Also preferred for the present invention are 
Cutinases having a: high degree of homology of their amino 

15 acid sequence to the Cutinase from Fusarium solan j- pisi. 
Examples are the Cutinases from colletotrichum capsjcj,, 
colletotrichum gJ r»«»ns poriodes and Maqnapprthe grj-sea . 

Not suitable for the present invention is the 
jjumjsala lanuginosa lipase which is described in EP-A-305 216 

20 (Novo Nordisk) , and which is commercially available as 

Lipolase (TM) . However, it is conceivable that this enzyme 
can be modified by means of rDNA techniques in such way that 
it also exhibits a substantial lipolytic activity during the 
main cycle of a wash process. Such modifications will affect 

25 the structure of the lipase enzyme. It requires therefor some 
experimentation to find the balance between the inevitable 
distortion of the conformation of the enzyme and the benefit 
in enzyme activity. Generally, modifications are preferred 
which do not affect the charge around the active site too 

30 much. 

The lipolytic enzyme of the present invention can 
usefully be added to the detergent composition in any 
suitable form, i.e. the form of a granular composition, a 
slurry of the enzyme, or with carrier material (e.g. as in 
EP-A-258 068 and the Savinase (TM) and Lipolase (TM) products 
of Novo Nordisk) . A good way of adding the enzyme to a liquid 
detergent product lis in the form of a slurry containing 0.5 
to 50 % by weight of the enzyme in a ethoxylated alcohol 
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nonionic surfactant, such as described in EP-A-450 702 
(Unilever) . 

The enzyme to be used in the detergent compositions 
according to the invention can be produced by cloning the 
5 gene for the enzyme into a suitable production organism, such 
as Bacilli , or Pseudomonaceae . yeasts, such as Saccharomvces . 
Kluyveromyces, Hansenula or Pichia . or fungi like 
Aspergillus. 

Naturally occurring Cutinase producing micro- 

10 organisms are usually plant pathogens and these micro- 
organisms are not very suitable to act as host cell for 
Cutinases genes. Consequently, the genes coding for (pro) 
cutinases were integrated in rDNA vectors that can be 
transferred into the preferred host micro-organism for rDNA 

15 technology. For this purpose, rDNA vectors essentially 

similar to the rDNA vector described in WO-A-90/09446 can be 
used. 

To improve the yield of the fermentation process a 
gene coding for a Cutinase should be transferred into micro- 

20 organisms that can growth fast on cheap medium and are 
capable to synthesize and secrete large amounts of the 
enzyme. Such suitable rDNA modified (host micro-organisms) 
according to the present invention are bacteria, among 
others, gacilii, CQrypebacteria, Staphylococci and 

25 fftyeptQigyces, or lower eukaryotes such as Saccharomvces 

PQrQYitgjae and related species, Kluweromvces marxianus and 
related species, Hansenula polvmorpha and related species, 
and species of the genus Aspergillus . Preferred host micro- 
organisms are the lower eukaryotes, because these micro- 

30 organisms are producing and secreting enzymes very well in 
fermentation processes and are able to glycolysate the 
Cutinase molecule. Glycosylation can contribute to the 
stability of the Cutinase in detergent systems. 

The invention also provides genetic material 

35 derived from the introduction of eukaryotic Cutinase genes, 
e.g. the gene from EttgaEiffln Bfllani Bigi* into cloning rDNA 
vectors, and the use of these to transform new host cells and 
to express the genes of the Cutinases in the new host cells. 
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Also provided by the invention are polynucleotides 
made or modified by rDNA technique, which encode such 
Cutinase, rDNA vectors containing such polynucleotides, and 
rDNA modified micro-organisms containing such polynucleotides 

5 and/or such rDNA vectors. The invention also provides 
corresponding polynucleotides encoding the eukaryotic 
Cutinases, e.g. a polynucleotide having a base sequence that 
encodes a mature cutinase, in which polynucleotide the final 
translated codon is followed by a stop codon and optionally 

10 having nucleotide sequences coding for the prepro- or pro- 
sequence of this cutinase directly upstream of the nucleotide 
sequences coding for the mature Cutinase. 

In such a polynucleotide, the cutinase-encoding 
nucleotide sequence derived from the organism of origin can 

15 be modified in such a way that at least one codon, and 

preferably as many codons as possible, are made the subject 
of 'silent' mutations to form codons encoding equivalent 
amino acid residues and being codons preferred by a new host, 
thereby to provide in use within the cells of such host a 

20 messenger-RNA for the introduced gene of improved stability. 

Upstream of the nucleotide sequences coding for the 
pro-or mature Cutinases, there can be located a nucleotide 
sequence that codes for a signal or secretion sequence 
suitable for the chosen host. Thus an embodiment of the 

25 present invention relates to a rDNA vector into which a 
nucleotide sequence coding for a Cutinase or a precursor 
thereof has been inserted. 

The nucleotide sequence can be derived for example 

from: 

30 (a) a naturally occurring nucleotide sequence (e.g. encoding 
the original amino acid sequence of the propre- or pro- 
cutinase produced by Fusa-rium solani nisi) ; 

(b) chemically synthesized nucleotide sequences consisting of 
codons that are preferred by the new host and a nucleotide 

35 sequence resulting in stable messenger RNA in the new host, 
still encoding the original amino acid sequence; 

(c) genetically engineered nucleotide sequences derived from 
one of the nucleotide sequences mentioned in preceding 
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paragraphs a or b coding for a Fusarium solani nisi Cutinase 
with a different amino acid sequence but having superior 
stability and/or activity in detergent systems. 

Summarizing, rDNA vectors able to direct the 
5 expression of the nucleotide sequence encoding a Cutinase 
gene as described above in one of the preferred hosts 
preferably comprise the following components: 

(a) Double-stranded (ds) DNA coding for mature Cutinase or 
precutinase or a corresponding precutinase in which at least 

10 part of the presequence has been removed directly down stream 
of a secretion signal (preferred for the selected host cell) . 
In cases where the part of the gene that should be translated 
does not start with the codon ATG, an ATG codon should be 
placed in front. The translated part of the gene should 

15 always end with an appropriate stop codon; 

(b) An expression regulon (suitable for the selected host 
organism) situated upstream of the plus strand of the ds DNA 
encoding the Cutinase (component (a)); 

(c) A terminator sequence (suitable for the selected host 
20 organism) situated down stream of the plus strand of the ds 

DNA encoding the Cutinase (component (a); 

(dl) Nucleotide sequences which facilitate integration, of 

the ds DNA into the genome of the selected host or, 

(d2) an origin of replication suitable for the selected host; 

25 (el) Optionally a (auxotrophic) selection marker. The 

auxotrophic marker can consist of a coding region of the 
auxotrophic marker and a defective promoter; 
(e2) Optionally a ds DNA sequence encoding proteins involved 
in the maturation and/ or secretion of one of the precursor 

30 forms of the Cutinase in the host selected. 

Such a rDNA vector can also carry, upstream and/ or 
downstream of the polynucleotide as earlier defined, further 
sequences facilitative of functional expression of the 
cutinase. The auxotrophic marker can consist of a coding 

35 region of the auxotrophic marker and a defective promoter 
region. 

The invention also provides a process for producing 
a lipolytic enzyme capable of exhibiting an in-the-wash 
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effect, which comprises the steps of f ermentatively 
cultivating an artificially modified micro-organism 
containing a gene made by rDNA technique which encodes a 
lipolytic enzyme having in-the-wash activity, making a 
5 preparation of the enzyme by separating the enzyme produced 
by the micro-organism either from the fermentation broth, or 
by separating the cells of the micro-organism from the 
fermentation broth, disintegrating the separated cells and 
concentrating or part purifying the enzyme either from said 

10 broth or from said cells by physical or chemical 

concentration or purification methods. Such a fermentation 
can either be a normal batch fermentation, fed-batch 
fermentation or continuous fermentation. The selection of a 
process to be used' depends on the host strain and the 

15 preferred down stream processing method (known per se) . 

Preferably conditions are chosen such that the 
enzyme is secreted by the micro-organism into the 
fermentation broth, the enzyme being recovered from the broth 
after removal of the cells either by filtration or 

20 centrifugation. optionally the enzyme can then be 
concentrated and purified to a desired extent. 

The fermentation processes in themselves apart from 
the special nature of the micro-organisms can be based on 
known fermentation techniques and commonly used fermentation 

25 and down stream processing equipment. 

In a further aspect, the invention provides 
artificially modified micro-organisms containing a gene for 
an enzyme having lipolytic activity as herein defined and 
able to produce thW enzyme encoded by said gene. 

30 The invention further provides recombinant DNA 

vectors carrying nucleotide sequences coding for lipolytic 
enzymes having in-the-wash activity as herein described. 

£cj r^Hpi- ingredients. 
35 The enzymatic detergent composition of the present 

invention may further contain from 5-60, preferably from 20 
- 50% by weight of a detergency builder. This detergency 
builder may be any material capable of reducing the level of 
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free calcium ions in the wash liquor and will preferably 
provide the composition with other beneficial properties such 
as the generation of an alkaline pH, the suspension of soil 
removed from the fabric and the suspension of the fabric- 
5 softening clay material. 

Examples of detergency builders include 
precipitating builders such as the alkali metal carbonates, 
bicarbonates , orthophosphates, sequestering builders such as 
the alkali metal tripolyphosphates or nitrilotriacetates, or 

10 ion exchange builders such as the amorphous alkali metal 
aluminosilicates or the zeolites. 

It was found to be especially favourable for the 
lipolytic activity of the detergent compositions of the 
present invention if they contained a builder material such 

15 that the free calcium concentration is reduced to less than 1 
mM. 

The enzymatic detergent compositions of present 
invention may also comprise, in further embodiments, 
combinations of the enzymes and other constituents normally 

20 used in detergent systems, including additives for detergent 
compositions. Such other components can be any of many known 
kinds, for example as described in GB-A-1 372 034 (Unilever), 
US-A-3 950 277, US-A-4 011 169, EP-A-179 533 (Procter & 
Gamble) , EP-A-205 208 and EP-A-206 390 (Unilever) , JP-A- 

25 63-078000 (1988), and Research Disclosure 29056 of June 1988, 
together with each of the several specifications mentioned 
therein. The formulation of detergent compositions according 
to the invention can be also illustrated by reference to the 
Examples Dl to D14 of EP-A-407 225 (Unilever) . 

30 Special advantage may be gained in such detergent 

compositions wherein a proteolytic enzyme or protease is also 
present. EP-A-271 154 (Unilever) describes a number of 
suitable proteases having a pi of lower than 10. Proteases 
for use together with lipases can in certain circumstances 

35 include subtilisins of for example BPN» type or of many of 
the types of subtilisin disclosed in the literature, some of 
which have already been proposed for detergents use, e.g. 
mutant proteases as described in for example EP-A-130 756 or 
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EP-A-251 446 (both Genentech) , US-A-4 760 025 (Genencor) , EP- 
A-214 435 (Henkel), WO-A-87/04661 (Amgen) , WO-A-87/05050 
(Genex) , Thomas et al. (1986) in Nature 5, 316, and 5, 
375-376 and in J.Mol.Biol. (1987) 193, 803-813, Russel et al. 
5 (1987) in Nature 328, 496-500, and others. 

The invention will now be further illustrated in 
the following Examples- In the accompanying drawings is: 
Figure 1A. 

Nucleotide sequence of cassette 1 of the synthetic Fusflir&xiW 
10 solani pisi cutinase gene and of the constituting oligo- 
nucleotides. Oligonucleotide transitions are indicated in the 
cassette sequence. Lower case letters refer to nucleotide 
positions outside the open reading frame. 
Figure IB. 

15 Nucleotide sequence of cassette 2 of the synthetic Fusarium 
solani pisi cutinase gene and of the constituting oligo- 
nucleotides, oligonucleotide transitions are indicated in the 
cassette sequence. 
Figure 1C. * 

20 Nucleotide sequence of cassette 3 of the synthetic Fusarium 
solani pisi cutinase gene and of the constituting oligo- 
nucleotides. Oligonucleotide transitions are indicated in the 
cassette sequence. Lower case letters refer to nucleotide 
positions outside the open reading frame. 

25 Figure ID. 

Nucleotide sequence of the synthetic cutinase gene encoding 
Fusarium solani pisi pre-pro-cutinase. The cutinase pre- 
sequence, pro-sequence and mature sequence are indicated. 
Also the sites used for cloning and the oligonucleotide 
30 transitions are indicated. Lower case letters refer to 
nucleotide positions outside the open reading frame, 
fiquye 3. 

Nucleotide sequence of a synthetic DNA fragment for linking 
the pusarium solani pisi pro-cutinase encoding sequence to a 
35 sequence encoding a derivative of the Ej- coU phoA pre- 

sequence. The ribosome binding site (RBS) and the restriction 
enzyme sites used for cloning are indicated. Also the amino 
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acid sequences of the encoded phoA signal sequence and part 
of the cutinase gene are indicated using the one-letter code. 
Figure 3. 

Nucleotide sequence of cassette 8, a Sad - Bell fragment which 
5 encodes the fusion point of the coding sequences for the 
invertase pre-sequence and mature Fusarium solani pisi 
cutinase. 
Figure 4. 

Plasmid pUR274l obtained by deletion of a 0.2 kb Sall-Nrul 
10 from pUR2740, is an E. coli - s. cerevisiae shuttle vector 

comprising part of pBR322, an origin of replication in yeast 
cells derived from the 2iim plasmid, a yeast leu2D gene and a 
fusion of the yeast invertase signal sequence encoding region 
with a plant a-galactosidase gene under the control of the 
15 yeast gal7 promoter. 
Figure 5. 

Plasmid pUR7219 is an E. coli-S. cerevisiae shuttle vector 
comprising part of pBR322, an origin of replication in yeast 
cells derived from the 2/xm plasmid, a yeast leu2D gene and a 
20 fusion of the yeast invertase signal sequence encoding region 
with the region encoding the! mature Fusarium solani pisi 
cutinase under the control of the yeast gal7 promoter. 
Figure 6. 

Plasmid pUR2740 is an E. coli - S. cerevisiae shuttle vector 
25 comprising part of pBR322, an origin of replication in yeast 
cells derived from the 2/ra plasmid, a yeast leu2D gene and a 
fusion of the yeast invertase signal sequence encoding region 
with a plant a-galactosidase gene under the control of the 
yeast gal7 promoter. 
30 Figure 7, 

Nucleotide sequence of cassettes 5, 6 and 7, comprising 
different types of connections of the coding sequences of the 
exlA pre-sequence and mature Fusarium solani pisi cutinase. 

35 Plasmid pAW14B obtained by insertion of a 5.3 kb Sai l 

fragment of Aspergillus nAqer var. awamori genomic DNA in the 
Sail site of pUC19. 
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Figure 9. 

Plasmid pUR7280 obtained by displacing the BspHI-Af_LII 
fragment comprising the exlA open reading frame in pAW14B 
with a BspHI-Af HI fragment comprising the Fusarium solani, 
5 pjsi pre-pro-cutiiiase coding sequence. Thus, plasmid pUR7280 
comprises the Fusarium solani oisi pre-pro-cutinase gene 
under the control of the A. nicer var. awamori promoter and 
terminator . 
Figure 10. 

10 Plasmid pUR7281 obtained by introduction of both the A. 
nidulans amdS and A. nicer var. awamori pyrG selection 
markers in pUR7280. 
Figure 11. 

Correlation between Residual Activity after DFP-inactivation 
15 and Percentage Soil Removal for various lipolytic enzymes. 
The following abbreviations are used: 

Lipolase (TM, ex Novo Nordisk) lip 
Fusarium solani pisi cutinase (Example 2) CT 
Candida cvlindracea lipase (ex Sigma) Candida 
20 Chromobacterium viscosuro lipase (ex Sigma) Chrom 

Porcine pancreas lipase (ex Sigma) Pancr 
Genencor lipase (variant of Psftudomonas putida 
ATCC 53552) Gen 
AKG lipase 3 0B (ex Amano) ^ G 
25 SDL 195 lipase (ex Showa Denko) SDL 

p«. pseudoalcaliaines CBS 473.85 lipase Ps.Alk 
figure 12 . 

A comparison of the lipolytic activity of cutinase from 
Fusarium solani oisi and Lipolase (TM) . 
30 Figure 13 ■ 

Single-wash effect of Fusarium solani pjsj cutinase and 
Lipolase (TM) on different types of soiling. 
Figure 14 A 

The effects of cutinase from Fusarjum solani pjsj and 
35 Lipolase (TM) at an enzyme level of 1 LU/ml, measured after a 
number of wash cycles, 

Figure 14B idem, at enzyme level of 3LU/ml, 
Figure 14C idem, at enzyme level of 5LU/ml, 
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Figure 14 D idem, at enzyme level of lOLU/ml. 
Figure J.5 

Multi-cycle wash test with Lipolase (TM) , Pseudomonas 
gladioli lipase and Fusarium solani pisi cutinase in 
5 PAS/Nonionic formulation. 
Figure 16 

Multi-cycle wash test with Lipolase (TM) , Pseudomonas 
qlaqiQlj lipase and Fusarium solani pisi cutinase in another 
PAS/Nonionic formulation. 
10 nquye 17 

Idem as Figure 16, but with resoil after each cycle. 
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25 

EXAMPLE 1 

Construction of a synthetic gene encoding Fusayjum solapi 
pisi pre-pro-cutinase. 

A synthetic gene encoding Fusarium solani pisi pre- 

30 pro-cutinase was constructed essentially according to the 
method described in EP-A-407 225 (Unilever) . Based on 
published nucleotide sequences of Fusarium solani pisi genes 
(Soliday et al. (1984) and WO-A-90/09446, Plant Genetic 
Systems) , a completely synthetic DNA fragment was designed 

35 which comprises a region encoding the FViggyjum spiUni, PX^i 
pre-pro-cutinase polypeptide. Compared to the nucleotide 
sequence of the original fusarium solani pisi gene, this 
synthetic cutinase gene comprises several nucleotide changes 
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through which restriction enzyme recognition sites were 
introduced at convenient positions within the gene without 
affecting the encoded amino acid sequence. The nucleotide 
sequence of the entire synthetic cutinase gene is presented 
5 in Fig. ID. 

Construction of the synthetic cutinase gene was 
performed by assembly of three separate cassettes starting 
from synthetic DNA oligonucleotides. Each synthetic DMA 
cassette is equipped with an Eco RI site at the start and a 

10 flindlll site at the end. Oligonucleotides were synthesized 

using an Applied Biosystems 380A DNA synthesizer and purified 
by polyacrylamide gel electrophoresis. For the construction 
of each of the cassettes the procedure outlined below was 
followed. Eguimolar amounts (50 pmol) of the oligonucleotides 

15 constituting a given cassette were mixed, phosphorylated at 
their 5' -end, annealed and ligated according to standard 
techniques. The resulting mixture of double stranded DNA 
molecules was cut with Eco RI and fiindlll, size-fractionated 
by agarose gel electrophoresis and recovered from the gel by 

20 electro-elution. The resulting synthetic DNA cassette was 
ligated with the 2.7 kb EfioRI-Hindlll fragment of pUC9 and 
transformed to Escherichia coli . The EcoRI -flindlll insert of 
a number of clones was completely sequenced in both 
directions using suitable oligonucleotide primers to verify 

25 the sequence of the synthetic cassettes. Using this procedure 
pUR7207 (comprising cassette 1, Fig. 1A) , pUR7208 (comprising 
cassette 2, Fig. IB) and pUR7209 (comprising cassette 3, Fig. 
1C) were constructed. Finally, the synthetic cutinase gene 
was assembled by combining the 2.9 kb EcoR I- Aoa l fragment of 

30 pUR7207 with the 0.2 kb Apal-Nhel fragment of pUR7208 and the 
0.3 kb Nkel-aifldlll fragment of pUR7209, yielding pUR7210. 
This plasmid comprises an open reading frame encoding the 
complete pre-pro-cutinase of Fusarium solani pisi (Fig. ID). 

35 EXAMPLE 2 

Expression of Fusarium solani pisi (pro) cutinase in 
Escherj-cfriU cpj,i. 
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With the synthetic cutinase gene an expression 
vector for E. coli was constructed which is functionally 
similar to the one described in WO-A-90/09446 (Plant Genetic 
Systems) . A construct was designed in which the part of the 
5 synthetic gene encoding Fngarium solani pisi pro-cutinase is 
preceded by proper E. coli expression signals, i.e. (i) an 
inducible promoter, (ii) a ribosome binding site and (iii) a 
signal seguence which provides a translational initiation 
codon and provides information reguired for the export of the 

10 pro-cutinase across the cytoplasmic membrane. 

A synthetic linker was designed (see Fig. 2) for 
fusion of a derivative of the E. coli phoA signal seguence 
(Michaelis et al., 1983) to the pro-sequence of the synthetic 
cutinase gene. To optimize cleavage of the signal peptide and 

15 secretion of pro-cutinase, the nucleotide seguence of this 

linker was such that the three C-terminal amino acid residues 
of the phoA signal seguence (Thr-Lys-Ala) were changed into 
Ala-Asn-Ala and the N- terminal amino acid residu of the 
cutinase pro-seguence (Leu 1, see Fig. ID) was changed into 

20 Ala. This construction ensures secretion of cutinase into the 
periplasmatic space (see WO-A-90/09446, Plant Genetic 
Systems) . 

To obtain such a construct, the 69 bp EcoRI-SEel 
fragment comprising the cutinase pre-sequence and part of the 

25 pro-sequence was removed from pUR72lO and replaced with the 
synthetic DNA linker sequence (EcoRI-Sjogl fragment) providing 
the derivative of the E. coli phoA pre-seguence and the 
alterated N-terminal amino acid residu of the cutinase pro- 
sequence (Fig. 2). The resulting plasmid was named P UR7250 

30 and was used for the isolation of a 0.7 kb lamHI-Hindlll 
fragment comprising a ribosome binding site and the pro- 
cutinase encoding region fused to the phoA signal seguence 
encoding region. This fragment was ligated with the 8.9 kb 
BarcHl-fiindlll fragment of pMMB67EH (Ftirste et al., 1986) to 

35 yield pUR7220. In this plasmid the synthetic gene encoding 
pro-cutinase is fused to the altered version of the phoA 
signal sequence and placed under the control of the inducible 
tac-promoter . 
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E. coli strain WK6 harboring pUR7220 was grown in 2 
litre shakeflasks containing 0.5 litre IXTB medium (Tartof 
and Hobbs, 1988) consisting of: 
0.017 M KH 2 P0 4 
5 0.017 M K 2 HP0 4 

12 g/1 Bacto-tryptone 

24 g/1 Bacto-yeast extract 

0.4 % glycerol (v/v) 

Cultures were grown overnight at 25°C - 30°C in the 
10 presence of 100 Mg/ml ampicillin under vigorous shaking (150 
rpm) to an OD at 610 nm of 10-12. Then IPTG (isopropyl-B-D- 
thiogalactopyranoside) was added to a final concentration of 
10 fM and incubation continued for another 12-16 hours. When 
no further significant increase in the amount of produced 
15 lipolytic activity could be observed, as judged by the 

analysis of samples withdrawn) from the cultures, the cells 
were harvested by centrifugation and resuspended in the 
original culture volume of buffer containing 20% sucrose at 
0°C. The cells were collected by centrifugation and 
20 resuspended in the original culture volume of icecold water 
causing lysis of the cells through osmotic shock. Cell debris 
was removed by centrifugation and the cell free extract was 
acidified to pH 4.8 with acetic acid, left overnight at 4 P C 
and the resulting precipitate was removed. A better than 75% 
25 pure cutinase preparation essentially free of endogenous 
lipases was obtained at this stage by means of ultra- 
filtration and freeze drying of the cell free extract. 
Alternatively, cutinase could be purified to homogeneity 
(i.e. better than 95% pure) by loading the acidified cell 
30 free extract onto SP-sephadex, eluting the enzyme with buffer 
at pH 8.0, passage of the concentrated alkaline solution 
through a suitable volume of DEAE-cellulose (Whatman DE-52) 
and direct application of the DEAE flow-through to a Q- 
sepharose HP (Pharmacia) column. Elution with a salt gradient 
35 yielded a homogenous cutinase preparation with a typical 
overall yield of better than 75%. 
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EXAMPLE 3 

Expression of Fusarium s olani pisi cutinase in Saccharoses 
cerevisiae. 

For the expression of the synthetic Fusarium polani 
5 pisi cutinase gene .in fiaccharomy^fl cerevisiae an expression 
vector was constructed in which a synthetic gene encoding the 
mature cutinase is preceded by the pre-sequence of 
cerevisiae invertase (Taussig and Carlsson, 1983) and the 
strong, inducible gal7 promoter (Nogi and Fukasawa, 1983). To 
10 prepare the synthetic cutinase gene for such a fusion, an 

adaptor fragment was synthetized in which the coding sequence 
for the invertase pre-sequence is fused to the sequence 
encoding the N-terminus of mature cutinase. This fragment was 
assembled as an EcoRI -Hindi II cassette in pUC9 essentially as 
15 described in Example 1 (cassette 8, see Fig. 3), yielding 
PUR7217. Plasmids P OR7210 and pUR7217 were transformed to E^. 
coli JMHO (a strain lacking the dam methylase activity) and 
the 2.8 kb pcll-Hindlll fragment of pUR7217 was ligated with 
the 0.6 kb Icll-Hiiidlll fragment of pUR7210, yielding pUR7218 
20 in which the nucleotide sequence coding for the mature 

cutinase polypeptide is fused with part of the S. cerevisiae 
invertase pre-sequence coding region. 

The expression vector pUR2741 (see Fig. 4) was 
derived from pUR2740 (Verbakel, 1991, see Fig. 6) by 
25 isolation of the 8.9 kb Nrul-£all fragment of pUR2740, 

filling in the Sai l protruding end with Klenow polymerase, 
and recircularization of the fragment. The 7.3 kb Sacl- 
flindlll fragment of pUR2741 was ligated with the 0.7 kb Sacl- 
HindHI fragment of pUR7218, yielding pUR7219 (see Fig. 5) . 
30 Optionally, a fi. cerevisiae polll terminator can be placed 
behind the cutinase gene, in the Hindlll site, which turned 
out not to be essential for efficient expression of the 
cutinase gene. The E^jcoli-S. cerevisiae shuttle plasmid 
PUR7219 contains a origin for replication in S. cerevisiae 
35 strains harboring the 2/x plasmid (cir+ strains) , a promoter- 
deficient version of the s. cerevisiae Leu2 gene permitting 
selection of high copy number transformants in S. cerevjsjae 
leu2~ strains, and the synthetic gene encoding the mature 
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part of FUsarium solani pisi cutinase opera bly linked to the 
S. cerevisiae invertase pre-seguence under the regulation of 
the strong, inducible S. cerevisiae gal7 promoter. 

S. cerevisiae strain SU50 (a, cir°, leu2, his4, 
5 cam), which is identical to strain YT6-2-1L (Erhart and 
Hollenberg, 1981), was co-transformed with an equimolar 
mixture of the 2\k S. cerevisiae plasmid and pUR7219 using a 
standard protocol for electroporation of yeast cells. 
Transf ormants were selected for leucine prototrophy and total 

10 DNA was isolated from a number of transf ormants. All 

transf ormants appeared to contain both the 2(i plasmid and 
PUR7219, exemplifying that the promoter-deficient version of 
the leu2 gene contained on pUR7219 can only functionally 
complement leu2 deficient strains when present in high copy 

15 numbers due to the simultaneous presence of the 2m yeast 

plasmid. One of the transf ormants was cured for the pUR7219 
plasmid by cultivation on complete medium for more than 40 
generations followed by replica-plating on selective and 
complete solid media, yielding S. cerevisiae strain SU51 (a, 

20 cir + , leu2, his4, canl) . 

S. cerevisiae strain SU51 harboring pUR7219 was 
grown in 1 litre shakeflasks containing 0.2 litre MM medium 
consisting of: 

- yeast nitrogen base (YNB) without amino acids 6.7 g/1 
25 - histidine 20 mg/1 

- glucose 20 g/1 
Cultures were grown overnight at 30 °C under vigorous shaking 
(150 rpm) to an OD at 610 nm of 2-4. Cells were collected by 
centrifugation and resuspended in 1 litre of YPGAL medium 

30 consisting of: 

- yeast extract io g/1 

- bacto peptone 20 g/1 

- galactose 50 g/1 

in 2 litre shake flasks and incubation continued for another 
35 12-16 hours. At regular intervals samples were withdrawn from 
the culture and centrifugated to remove biomass. The 
supernatant was analyzed for cutinase activity by a 
titrimatic assay using olive oil as a substrate. For each 
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sample between 100 and 200 nl of filtrate was added to a 
stirred mixture of 5.0 ml lipase substrate (Sigma, containing 
olive oil as a substrate for the lipase) and 25.0 ml of 
buffer (5 mM Tris-HCl pH 9.0, 40 mM NaCl, 20 mM CaCl 2 ) . The 
5 assay was carried out at 30°C and the release of fatty acids 
was measured by automated titration with 0.05 M NaOH to pH 
9.0 using a Mettler DL25 titrator. A curve of the amount of 
titrant against time was obtained. The amount of lipase 
activity contained in the sample was calculated from the 

10 maximum slope of this curve. One unit of enzymatic activity 
is defined as the amount of enzyme that releases 1 fimol of 
fatty acid from olive oil in one minute under the conditions 
specified above, such determinations are known to those 
skilled in the art. 

15 when the production of cutinase activity did no 

longer increase, cells were removed by centrifugation and the 
cell free extract was acidified to pH 4.8 with acetic acid 
and cutinase was recovered as described in Example 1. 



20 EXAMPLE 4 

Expression of rusarium s olani pisi cutinase in Aspergilli. 

For the expression of the synthetic Fusarium solani 
pisi cutinase gene in Aspergill us nicer var. awamori an 
expression vector was constructed in which the synthetic gene 
25 encoding pn sarium solani pisi pre-pro-cutinase was placed 
under the control of the A. nicer var. awamori strong, 
inducible exlA promoter (Maat et al.,1992, de Graaff et al., 
1992) . 

The pre-pro-cutinase expression plasmid (pUR7280) 
30 was constructed starting from plasmid pAW14B, which was 

deposited in an E. coli strain JM109 with the Centraalbureau 
voor Schimmelcultures, Baarn, The Netherlands, under N° CBS 
237.90 on 31st May 1990, and contains a ca. 5.3 kb Sail 
fragment on which the 0.7 kb endoxylanase II (exlA) gene is 
35 located, together with 2.b kb of 5' -flanking seguences and 
2.0 kb of 3' -flanking sequences (Fig. 8). In pAW14B the exlA 
coding region was replaced by the pre-pro-cutinase coding 
region. A BspHI site (5 ' -TCATGA-3 ' ) comprising the first 



WO 94/03578 



PCIYEP93/01923 



codon (ATG) of the exlA gene and an site (S'-CTTAAG- 

3 f )r comprising the stopcodon (TAA) of the exlA gene 
facilitated the construction of pUR7280. 

The construction was carried out as follows: pAWl4B 
5 (7.9 kb) was cut partially with fi£BHI and the linearized 
plasmid (7.9 kb) was isolated from an agarose gel. 
Subsequently the isolated 7.9 kb fragment was cut with Bsml, 
which cuts a few nucleotides downstream of the BspH I site of 
interest, to remove plasmids linearized at other BspHI sites. 
10 The fragments were separated on an agarose gel and the 7.9 kb 
BspHI - Bsm I fragment was isolated. This was partially cut with 
Mill and the resulting 7.2 kb BsoHI-Aflll fragment was 
isolated. 

The 0.7 kb BspHI-Aflll fragment of pUR7210 

15 comprising the entire open reading frame coding for Fusarium 
solani pjsj pre-pro-cutinase was ligated with the 7.2 kb 
BseHI-££1H fragment of pAWl4B, yielding pUR7280. The 
constructed vector (pUR7280) can subsequently transferred to 
moulds (for example Aspergillus hiqer, Aspergillus niaer var. 

20 awamori, etc) by means of conventional co-transformation 
techniques and the pre-pro-cutinase gene can then be 
expressed via induction of the endoxylanasell promoter. The 
constructed rDNA vector can also be provided with 
conventional selection markers (e.g. amdS or pyrG, hygromycin 

25 etc.) and moulds can be transformed with the resulting rDNA 
vector to produce the desired protein. As an example, the 
amdS and pyrG selection markers were introduced in the 
expression vector, yielding pUR7281 (Fig. 10). For this 
purpose a gotl site was created by converting the Eco RI site 

30 (present 1.2 kb upstream of the ATG codon of the pre-pro- 
cutinase gene) into a Noti site using a synthetic 
oligonucleotide (5«-AATTGCGGCCGC-3 1 ) , yielding pUR7282. 
Suitable DNA fragment comprising the entire A. nidulans amdS 
gene and the A, niger var. awamori pyrG gene together with 

35 their own promoters and terminators were equiped with 
flanking Noti sites and introduced in the HeJ:I site of 
PUR7282, yielding pUR7281 (Fig. 10). 
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15 



As an alternative approach for the expression of 
the synthetic Fusarlum, so iani nisi cutinase gene in 
m dnus niaer var. awamori. expression vectors were 
constructed in which a synthetic gene encoding the mature 
cutinase is not preceded by its own pre-pro-sequence , but by 
the pre-sequence of a. niaer var. SXS&QXX exlA. 

To prepare the synthetic cutinase gene for such 
fusions, several adaptor fragments were synthetized in which 
the coding sequence for the exlA pre-sequence is connected to 
the sequence encoding the N-terminus of mature cutinase in 
different ways. In cassette 5 this connection is made by 
fusing the exlA pre-sequence to the pro-sequence of cutinase. 
In cassette 6 the exlA pre-sequence is fused with the N- 
terminal residu of mature cutinase. Cassette 7 is identical 
with cassette 6, but here the N-terminal residue of the 
encoded mature cutinase polypeptide has been changed from the 
original Glycine into a Serine residue in order to better fit 
the requirements for cleavage of the signal peptide. 
Cassettes 5, 6 and 7 were assembled from synthetic 
20 oligonucleotides essentially as described in Example l (see 
Fig. 7). Cassette 5 was used to displace the 0.1 kb EcoRI- 
spel fragment of P UR7210, yielding pUR7287. Cassettes 6 and 7 
were used to displace the 0.1 kb EcoRI-Bcil fragment of 
PUR7210, yielding P UR7288 and P UR7289, respectively. For each 
25 of the plasmids pUR7287, pUR7288 and pUR7289 the 0.7 kb 

gspHI-Aflll fragment was ligated with the 7.2 kb BspHI-MlH 
fragment of P AW14B, yielding P UR7290, P UR729l and P UR7292, 

respectively. 

The constructed rDNA vectors subsequently were 

30 transferred to moulds (ftgperginus n j, qer , ft spf>rqiUus niqer 
var. aaamoxi) by means of conventional co-transformation 
techniques and the pre- (pro) -cutinase gene were expressed via 
induction of the endoxylanasell promoter. The constructed 
rDNA vectors can also be provided with conventional selection 

35 markers (e.g. amdS or pyrG, hygromycin) and the mould can be 
transformed with the resulting rDNA vector to produce the 
desired protein, as illustrated in this example for pUR7280 
(see above) . 
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Aspergillus strains transformed with either of the 
expression vectors pUR7280, pUR7281, pUR7290, pUR7291, 
pUR7292 (containing the Fusarium solani pisi mature cutinase 
encoding region with or without the corresponding pro- 
5 sequence and either the cutinase signal sequence or the exlA 
signal sequence under the control of A. niaer var. awamori 
exlA promoter and terminator) were grown under the following 
conditions: multiple 1 litre shake flasks with 400 ml 
synthetic media (pH 6.5) were inoculated with spores (final 
10 concentration: 10E6/ml) . The medium had the following 
composition (AW Medium) : 



sucrose 


10 


g/i 


NaN0 3 


6.0 


g/i 


KC1 


0.52 


g/i 


KH 2 P0 4 


1.52 


g/i 


MgS0 4 - 7H 2 0 


0.49 


g/i 


Yeast extract 


1.0 


g/i 


Znso 4 - 7H 2 0 


22 


mg/l 


H3BO3 


11 


mg/l 


MnCl 2 - 4H 2 0 


5 


mg/l 


FeS0 4 - 7H 2 0 


5 


mg/1 


caci 2 - 6H 2 0 


1.7 


mg/l 


CuS0 4 - 5H 2 0 


1.6 


mg/l 


NaH 2 Mo0 4 - 2H 2 0 


1.5 


mg/l 


Na 2 EDTA 


• 50 


mg/l 



Incubation took place at 30°C, 200 rpm for 24 hours 
in a Mk X incubator shaker. After growth cells were collected 
by filtration (0.45 pm filter), washed twice with AW Medium 
without sucrose and yeast extract (salt solution) , 

30 resuspended in 50 ml salt solution and transferred to 300 ml 
shake flasks containing 50 ml salt solution to which xylose 
has been added to a final concentration of 10 g/1 (induction 
medium) . Incubation under the same conditions as described 
above was continued overnight. The resulting cultures were 

35 filtered over miracloth to remove biomass and cutinase was 
recovered essentially as described in Example 2. 
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EXAMPLE S 

Identification and isolation of genes related to the Fusarium 
solani pisi cutinase gene. 

Genes encoding cutinases with a varying degree of 
5 homology with Fusarium so lani pisi cutinase were isolated 
from different fungi. Fungal cultures were grown in 500 ml 
shakeflasks containing 200 ml of the medium described by 
Hankin and Kolattukudy (1968) supplemented with 0.25% glucose 
and incubated for 4 days at 28 °C in a Mk X incubator shaker 
10 (100 rpm) . At this time the glucose had been consumed and 
cutinase production was induced by the addition of cutin 
hydrolysate essentially as described by Ettinger et al. 
(1987). At regular intervals samples were withdrawn from the 
culture and analyzed for the presence of lipolytic activity 
15 according to standard technigues (see example 4) . Normally, 
about two days after induction lipolytic activity could be 
demonstrated and at that time the cells were harvested by 
filtration using standard techniques. The mycelia were 
washed, frozen in liquid nitrogen and lyophilized according 
20 to standard techniques. Total cellular RNA preparations were 
isolated using the guanidinium thiocyanate method and 
purified by cesium chloride density gradient centrifugation, 
essentially as described by Sambrook et al. (1989) . PolyA(+) 
mRNA fractions were isolated using a polyATtract mRNA 
25 isolation kit (Promga) . The polyA(+) mRNA fractions were used 
in a Northern hybridization analysis using a cDNA fragment 
from the Fusarium s mani pisi cutinase gene as a probe 
according to standard techniques, to verify the expression of 
cutinase-related genes. Preparations of mRNA comprising 
30 material capable of hybridizing with the probe were used for 
the synthesis of cDNA using a ZAP cDNA synthesis kit 
(Stratagene, La Jolla) according to the instructions of the 
supplier, yielding cDNA fragments with an Xhol cohesive end 
flanking the poly-A region and an EcoRI adaptor at the other 
35 end. The obtained cDNA fragments were used for the 

construction of expression libraries by directional cloning 
in the sense orientation in lambda ZAPII vectors (Stratagene, 
La Jolla), allowing expression of 6-galactosidase fusion 
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proteins (Huse et al.,1988). These libraries were screened 
using antiserum raised against Fusarium solani pisi cutinase. 

Alternatively, the synthesized cDNA fractions were 
subjected to PCR-screening using cutinase specific primers 
5 (see table 2) . These primers were derived from comparison of 
the amino acid sequence of several fungal Cutinase genes 
(Ettinger et al., 1987). The conditions for the PCR reaction 
were optimized for each set of primers, using cDNA from 
Fusarium solani nisi cutinase as a control. For those 

10 preparations of cDNA with which a specific PCR fragment could 
be generated with a length that is similar to (or greater 
than) the length of the PCR fragment generated with the cDNA 
from Fusariu m solani pisi cutinase under identical 
conditions, the PCR fragment was purified by gel 

15 electroforesis and isolated from the gel. 

As an alternative approach, the PCR screening 
technique using cutinase specific primers was also applied 
directly to genomic DNA of some fungal strains, using genomic 
DNA of Fusarium solani pisi as a positive control. For those 

20 preparations of fungal genomic DNA with which a specific PCR 
fragment could be generated with a length that is similar to 
(or greater than) the length of the PCR fragment generated 
with the cDNA from Fusarium solani pisi cutinase under 
identical conditions, the PCR fragment was purified by gel 

25 electrophoresis and isolated from the gel. 

For strains which scored positive in either the 
expression library approach or the PCR screening approach 
(either with cDNA or genomic DNA) as well as a number of 
other strains, high molecular weight genomic DNA was 

30 isolated. Strains were grown essentially as described by 
Ettinger et al. (1987), and genomic DNA was isolated as 
described by de Graaff et al. (1988) . Genomic DNA was 
digested with various restriction enzymes and analyzed by 
Southern hybridization using either the analogous cDNA insert 

35 (expression library approach) or the PCR fragment {PCR 

screening approach) or the Fusarium solani nisi cutinase gene 
(other strains) as a probe , and a physical map of the 
cutinase genes was constructed. An appropriate digest of 



WOM/03578 PCT/EP93/01923 

34 

genomic DNA was size-fractionated by gel electrophoresis and 
fragments of the appropriate size were isolated from the gel 
and subcloned in pUC19. These genomic libraries were screened 
with the corresponding cDNA insert (expression library 
5 approach) or the PCR fragment (PCR screening approach) , 

yielding clones comprising the genomic copy of the cutinase 
genes. These genes were sequenced in both directions. Introns 
were identified by sequencing the corresponding cDNA or by 
comparison with other cutinase sequences (Ettinger et al., 
10 1987) . The N-terminal end of the mature cutinase polypeptide 
was also deduced from such a comparison. Using standard PCR 
techniques, the introns were removed, a Hindlll site was 
engineered immediately downstream of the open reading frames 
and the coding sequence for the pre-sequence of the 
15 g^haromvcAg rP.revisiae invertase gene (preceded by a SacI 
site, compare cassette 8, Fig. 3) was fused to the sequences 
encoding the N-terminus of the mature cutinases. The obtained 
Sacl-Hlndlll fragments comprising the cutinase genes operably 
linked to the sequence encoding the S, cerevisiae invertase 
20 pre-sequence were ligated with the 7.3 kb Sasl-Hindlll 
fragment of pUR7241 (see Fig. 4) and transformed to ^ 
cerevisiae strain SU51. The fungal cutinases were expressed 
and recovered from the culture broth essentially as described 
in Example 4 . 



25 



EXAMPLE 6 

Inactivation experiments with Di-isopropyl Fluoro Phosphate 

(DFP) . 

in this experiment lipolytic enzymes of various 
30 origins were subjected to inactivation by various 

concentrations of DFP for a fixed period of time. The 
percentage rest activity after the inactivation period was 
measured in a pH-stat experiment. 
The experimental conditions were: 
35 The lipolytic enzyme to be tested was used at a concentration 
of 0.5 mg protein per ml in 10 mM Tris buffer pH 10.0 
containing 20 mM CaCl 2 .2H 2 0 (Merck). 20 Ml DFP-inhibitor 
solution was added to 0.5 ml of this enzyme solution 
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(sample), and 20 pi ether was added to another 0.5 ml enzyme 
solution (blank). The DFP-inhibitor solution was 0.5 M DFP 
(Di-isopropyl Fluoro Phosphate ex Fluka) in ether (Baker). 
Both samples were incubated for 10 minutes at room 
5 temperature. After the incubation the solution was 

centrifuged for 2 minutes at full speed (14,000 rpm) in an 
Eppendorf centrifuge. The supernatant was used. In both the 
sample and the blank the lipase activity was measured in a 
pH-stat experiment at pH 10.0, using Lipase substrate (ex 
10 Sigma, catalogue no. 800-1) . The residual activity (RA) was 
then calculated as follows: 

RA = lipase activity sample / lipase activity blank * 100 % 
The percentages residual activity are shown below: 

15 Lipolytic enzyme residual activity f%l 

Lipolase (TM, ex Novo Nordisk) 86 
Fusarium solani pisi cutinase (Example 2) 5 
Candida cvlindracea lipase (ex Sigma) 83 
Chromobacterium viscosum lipase (ex Sigma) 65 

20 Porcine pancreas lipase (ex Sigma) 60 
Genencor lipase (variant of Pseudomonas putida 
ATCC 53552, "Lumafast") 65 
AKG lipase 30B (ex Amano) 52 
SDL 195 lipase (ex Showa Denko) 20 

25 Ps . oseudoalcaliaines CBS 473.85 lipase 60 

EXAMPLE 7 



previous Example was measured using the Br-olive oil method 
30 described above. The washing temperature was 30°C and the 
water hardness was 27°FH. The percentages Br-olive oil 
removed in the washing experiment were as follows: 



The lipolytic activity of the enzymes tested in the 



lipolytic en?yjne 



Soil Removal (%1 



35 Lipolase (TM, ex Novo Nordisk) 

Fusarium solani pisi cutinase (Example 2) 
Candida cvlindracea lipase (ex Sigma) 
Chromobacterium viscosum lipase (ex Sigma) 



19 



0 



1.6 



0 
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Porcine pancreas lipase (ex Sigma) 10 
Genencor lipase (variant of Pseudomonas putida 

ATCC 53552) 11 

AKG lipase 30B (ex Aroano) 1° 

5 SDL 195 lipase (ex Showa Denko) 20 

P fi . oseudoalcaliqines CBS 473.85 lipase 15 

The data obtained in Example 6 (residual activity 
after inactivation with DFP) and the data obtained in this 

10 Example were correlated to each other by means of lineair 
regression analysis. In Figure 11 a graphical representation 
of this correlation is shown. It can be seen in this Figure 
that there is a good correlation between the percentage 
residual activity and the wash performance of a given 

15 lipolytic enzyme. We therefore conclude that the percentage 
residual activity after incubation with DFP according to 
Example 6 can be used as a simple predictive test for in-the- 
wash performance of lipolytic enzymes of any source. 

20 EXAMPLE 8 

Comparison of the lipolytic activity of Fusarjum , solan4 pjsj 
cutinase and Lipolase (TM) . 

The lipolytic activity of cutinase from Fusarium 
solani pisi . which was isolated according to Example 2, was 
25 compared with the lipolytic activity of Lipolase (TM) , a 

Hum inn-la lanuginosa lipase, commercially available from Novo 
Nordisk A/S. 

Test cloths made of woven cotton and knitted cotton 
were soiled with pure olive oil. Each tests cloth was then 

30 incubated in 30 ml wash liquor in a 100 ml polystyrene 
bottle. The bottles were agitated in a Miele TMT washing 
machine filled with water and using a normal 30°C main wash 
programme. The wash liquor consisted of 2 grams per litre (at 
6° FH) of a washing powder having the following composition 

35 (in % by weight) : \ 

Nonionic surfactant C 12 -C 15 alcohol 10.5-13EO 9.5 
Sodium sulphate 38,6 

40 4 

Sodium carbonate n ' 
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Sodium silicate (Na 2 0:Si 2 0 =2.4) 7.3 
Water 4 . 2 

Residual fat was determined immediately after the 
first wash, after drying the test cloths in a tumble dryer at 
ambient temperature. The test cloths were extracted in a 
Soxhlet apparatus with petroleum ether. Subsequently, the 
amount of fatty material was determined by weighing and was 
expressed as the percentage fat on the cloth. The results are 
given in Figure 12. 

It can be seen from this Figure that Lipolase (TM) gives 
no improvement over the control in the removal of olive oil; 
in the experiment shown the contribution was sligthly 
negative but this is not believed to be significant. 
Cutinase, on the other hand, shows a clear in-the-wash 
effect. 

EXAMPLE 9 

Single-wash effect of Fusarium solani nisi cutinase and 
Lipolase (TM) on different types of soiling. 

Test cloths made of cotton were soiled with peanut oil, 
oleyl oleate and a 50/50 mixture of these two fats. The 
washing powder and the washing conditions were the same as in 
Example 8. The cleaning effect after a single wash was 
assessed by measuring the reflectance at 460 nm. The results 
25 are given in Figure 13. 

It can be seen from this Figure that the cleaning effect 
of a detergent composition containing cutinase on several 
types of oily soil is consistently better than that of a 
composition containing Lipolase (TM) . The effect is most 
30 pronounced on pure peanut oil. 

EXAMPLE 1Q 

The effects of Fusarium solani pisi cutinase and Lipolase 
(TM) at a number of enzyme levels, measured after each wash 
35 cycle. 

Example 9 was essentially repeated whereby the test 
cloths were soiled with LS-3 soil. This is an emulsion of 75 
g peanut oil, 40 g emulsifier, 125 g AS-8 and 125 g milk 



10 
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powder. After the first wash, the test cloths were resoiled 
and washed again. This was repeated four times in total. The 
effect of cutinase and Lipolase (TM) was measured at an 
enzyme level of 1, 3, 5 and 10 LU per ml wash liquor, after 
5 each wash cycle. The results are given in Figure 14 A-D. 

Several conclusions can be drawn from these experiments. 
It is clear that cutinase shows a significant single-wash 
effect at all enzyme levels, whereas Lipolase (TM) shows only 
a minor single-wash effect at the highest level of 10 LU/ml. 
10 The advantage of cutinase over Lipolase (TM) after the first 
wash is sustained over all four wash cycles. 



EXAMPLE 11 

The effects of Fusarium solani t>isi cutinase, lipase ex 
15 Pseudomonas gladioli and Lipolase (TM) . 

Test cloths of 67% polyester and 33% cotton were desized 
using the detergent product shown below at 5 g/1, and were 
thoroughly rinsed. Pieces of 7.5 cm by 7.5 cm were cut and 
overlooked. Ten of such unsoiled cloths (total mass 
20 approximately 6.5 g) were washed in 75 ml wash liquor 

containing the detergent product given below at a dosage of 5 
g per litre, at 6° FH. Lipase ex Pseudomonas gladioli, 
Lipolase or Fusarium solani pisi cutinase were preadded to 
the wash liquor at 1 LU/ml. The lipase ex Pseudomonas 
25 gladioli was obtained as described in EP-A-205 208 and EP-A- 
206 390 (both Unilever) . The wash liquor and the cloths were 
held in small bottles which were agitated in a Lavamat AEG 
washing machine, at 30 °C for 30 minutes. The washing powder 
had the following composition (in % by weight) : 
Coco-primary alkyl sulphate 5 - 2 
Nonionic surfactant C 13 -C 15 alcohol 7E0 5.2 
Nonionic surfactant C 13 -C 15 alcohol 3EO 6.6 
Zeolite 4A 32.00 
Sodium carbonate 11.52 
Sodium silicate 0.45 
Hardened tallow soap 2 - 00 



30 
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The initial pH was in all cases about 10. At the 
end of the wash the cloths were squeezed dry and rinsed in 
300 ml of tap water for about half a minute. This was 
repeated three times. The cloths were then squeezed dry once 
5 more and line dried under ambient conditions. 

Half of the dried cloths were soiled with olive oil 
and aged for three days. The mass of oily soil which was 
initially approximately 5% by weight of the cloth was 
determined by weighing. The results are given in Figure 15. 

10 It is clear that Lipolase (TM) does not contribute 

to oily soil removal after a single wash. The Lipolase (TM) 
effect comes only through after repeated washing. The P. 
gladioli lipase gives a small but significant wash effect 
after the first wash and a clear benefit after subsequent 

15 wash cycles. Cutinase gives already contributes to oily soil 
removal from the first wash cycle, and this benefit is 
maintained through the subsequent cycles. 

EXAMPLE *2 

20 The effects of Fusarium solani pisi cutinase, lipase ex 
Pseudomonas gladioli and Lipolase (TM) . 

Example 11 was repeated using the following 
detergent product at a concentration of 5 g/1: 



Coco-primary alkyl sulphate 1.7 

25 Nonionic surfactant C 12 " c i5 alcohol 7EO 6.8 

Nonionic surfactant C 12 -c 15 alcohol 3EO 8.5 

Zeolite MAP x ) 32.00 

Sodium carbonate 11.52 

Sodium silicate 0.45 

30 Hardened tallow soap 2.00 



1 ) Zeolite MAP stands for "maximum aluminium zeolite P" ; it 
is a type of zeolite which is described in detail in EP-A-384 
070 (Unilever) • 

35 The results are given in Figure 16. It follows that 

both lipases do not contribute to oily soil removal, neither 
after the first wash, nor after subsequent cycles, cutinase , 
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however, already gives a large in-the-wash effect after the 
first wash cycle. 

EXAMPLE 13 

5 The effects of Fnsnrltm solani pisi cutinase, lipase ex 
p S Andomonas gladioli and Lipolase (TM) . 

Example 12 was repeated, but with resoiling between 
the wash cycles. The results are given in Figure 17. A small 
benefit is observed Lipolase (TM) and P. gladioli lipase 
10 after the second wash cycle. Cutinase already reduces the 

amount of oily soil to a minimum in a single wash. Subsequent 
wash cycles result in a further reduction of oily soil, even 
after resoiling. 
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CLAIMS 

l. An enzymatic detergent composition which comprises: 

(a) 0.1 - 50 % by weight of an surfactant system comprising 

(al) 0 - 95 % by weight of one or more anionic 
5 surfactants and 

(a2) 5 - 100 % by weight of one or more nonionic 
surf actants ; and 

(b) 10 - 20,000 LU per gram of the detergent composition of 
an enzyme which is capable of exhibiting a substantial 

10 lipolytic activity during the main cycle of a wash process. 



2. A detergent composition according to Claim 1, in which 
the enzyme is capable of removing at least 5% more, 
preferably at least 10% more oily soil, on the basis of the 
15 initial amount of oily soil, than the same detergent 
composition without the enzyme, in the assay as herein 
described. 



3. A detergent composition according to Claim 1, in which 
20 the ratio of enzymatic oily soil removal by the enzyme to the 

enzymatic oily soil removal by Lipolase (TM) in the assay as 
herein described is at least 3, preferably at least 5. 

4. A detergent composition according to any one of the 
25 preceding claims, wherein the enzyme exhibiting lipolytic 

activity is a lipolytic enzyme which has a residual activity 
of less than 50%, preferably less than 40%, and more 
preferably less than 25%, after a 10 minute incubation with 
Di-isopropyl Fluoro Phosphate (DFP) at pH 10 at room 
30 temperature, as herein described, 

5. A detergent composition according to any one of the 
preceding claims, in which the enzyme is an esterase or 
lipase. 



35 



6. A detergent composition according to any one of the 
preceding claims, in which the enzyme is a eukaryotic 
cutinase. 
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7. A detergent composition according to Claim 6, in which 
the enzyme is a fungal cutinase. 

> 

8. A detergent composition according to Claim 7, in which 
5 the enzyme is a fungal cutinase having stem-specificity. 

9. A detergent composition according to Claim 8, in which 
the enzyme is a cutinase selected from the group consisting 
of Fusarium solani pisi , Fusarium roseum culroorum, 

10 Rhizoctonia solani and Alternaria brassicicola (PNBase I) . 

10. A detergent composition according to Claim 7, in which 
the enzyme is a cutinase obtainable from a Fusarium organism. 

15 11. A detergent composition according to Claim 7, in which 
the enzyme is a cutinase derived from Fusarium solani pjsj. 

12. A detergent composition according to Claim 7, in which 
the enzyme is immunologically cross-reactive with the anti- 

20 body raised against the cutinase derived from Fusarium sol?"i 
pisi. 

13. A detergent composition according to any one of the 
preceding claims, free of anionic surfactants. 

25 

14. A detergent composition according to Claims 1-12, in 
which the anionic surfactant is a primary alcohol sulphate. 

15. A detergent composition according to Claim 14, in which 
30 the anionic surfactant is a C12-C15 primary alcohol sulphate. 

16. Process for cleaning soiled fabrics which comprises the 
steps of (a) washing the soiled fabrics with an aqueous 
solution of the detergent composition according to any one of 

35 the preceding claims, and (b) drying the fabrics by means of 
warm air. 
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Fig.lA. 

SYNTHETIC OUGONULEOTIDES USED TO CONSTRUCT CASSETTE 1 



CODE 




Length 




5 1 < 


— — — 


sequence 




-> 3 


i 


CUTI1A 


IG 


(44) 


aat 


teg 


age 


tea 


tcA 


TGA AAT 


TCT 


TCG 


CGT 








TAA 


CCA 


CAC 


TTC 


TC 










CUTI1B 


IG 


(39) 


GCC 


GCC 


ACG 


GCT 


TCG 


GCT CTG 


CCT 


ACT 


AGT 








AAC 


CCT 


GCT 














CUTI1C 


IG 


(42) 


CAG 


GAG 


CTT 


GAG 


GCG 


CGC CAG 


CTT 


GGT 


AGA 








ACA 


ACT 


CGC 


GAC 












CUTI1D 


IG 


(39) 


GAT 


CTG 


ATC 


AAC 


GGC 


AAT AGC 


GCT 


TCC 


TGC 








GCC 


GAT 


GTC 














CUTI1E 


IG 


(33) 


ATC 


TTC 


ATT 


TAT 


GCT 


CGA GGT 


TCA 


ACA 


GAG 








ACG 


















CUTI1F 


IG 


(28) 


GGC 


AAC 


TTG 


GGA 


ACT 


CTC GGG 


CCC 


AGC 


A 


CUTI1G 


IG 


(31) 


GGT 


TAA 


CGC 


GAA 


GAA 


TTT CAT gat 


gag 


etc 


CUTI1H 


IG 


(39) 


g 

ACT 


AGT 


AGG 


CAG 


AGC 


CGA AGC 


CGT 


GGC 


GGC 








GAG 


AAG 


TGT 














CUTI1I 


IG 


(42) 


TGT 


TCT 


ACC 


AAG 


CTG 


GCG CGC 


CTC 


AAG 


CTC 








CTG 


AGC 


AGG 


GTT 












CUTI1J 


IG 


(39) 


GCA 


GGA 


AGC 


GCT 


ATT 


GCC GTT 


GAT 


CAG 


ATC 








GTC 


GCG 


AGT 














CUTI1K 


IG 


(33) 


TGA 


ACC 


TCG 


AGC 


ATA 


AAT GAA 


GAT 


GAC 


ATC 








GGC 


















CUTI1L 


IG 


(41) 


AGC 


TTG 


CTG 


GGC 


CCG 


AGA GTT 


CCC 


AAG 


TTG 








CCC 


GTC 


TCT 


GT 













10 20 

aattcg 
gc 

70 80 
CGCCACGGCT TCGGCTCTGC 
GCGGTGCCGA AGCCGAGACG 

130 140 
TGGTAGAACA ACTCGCGACfc 
ACCATCTTGT | TGAGCGCTGC 

190 200 
CTTCATTTAT GCTCGAGGTT 
GAAGTAAATA CGAGCTCCAA 

250 

GGA 



30 40 
agctcatcAT GAAATTCTTC 
tcgagtagTA CTTTAAGAAG 

90 100 
CTACTAG TAA CCCTGClfc AG 
GATGATCAfTT GGGACGAGTC 

150 160 
ATCTGATCAA CGGCAATAGC 
TAGACTAGTT GCCGTTATCG 

210 220 
C AACAGAGAC Q 3GCAACTTG 
GlfTGTCTCTG CCCGTTGAAC 



50 60 
GCGTTAAC CA CACTTCTCjGC 
CGCAATTGGfT GTGAAGAGCG 

110 120 
GAGCTTGAGG CGCGCCAGCT 
CTCGAACTCC GCGCGGTCGA 

170 180 
GCTTCCTGCG CCGATGTCj AT 
CGAAGGACGjC GGCTACAGTA 

230 240 
GGAACTCTCG GGCCCAGCA 
CCTTGAGAGC CCGGGTCGTT 
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Fig.lB. 

SYNTHETIC OUGONULEOT1DES USED TO CONSTRUCT CASSETTE 2 

CODE Length 5' < sequence — -> 3' 

CUTI2A MH (40) AAT TCT CGG GCC CAG CAT TGC CTC CAA CCT 

TGA GTC CGC C 

CUTI2B MH (3 6) TTC GGC AAG GAC GGT GTC TGG ATT CAG GGC 

GTT GGC 

CUTI2C MH (36) GGT GCC TAC CGA GCC ACC CTA GGA GAC AAT 

GCT CTC 

CUTI2D MH (39) CCG CGG GGA ACC TCT AGC GCC GCA ATC AGG 

GAG ATG CTA 

CUTI2E MH (45) GGC CTC TTC CAG CAG GCC AAC ACC AAG TGC 

CCT GAC GCG ACT TTG 
CUTI2F MH (46) ATC GCC GGT GGC TAC AGC CAG GGT GCT GCA 

CTT GCA GCC GCT AGC A 
CUTI2G MH (45) CTT GCC GAA GGC GGA CTC AAG GTT GGA GGC 

AAT GCT GGG CCC GAG 
CUTI2H MH (36) GTA GGC ACC GCC AAC GCC CTG AAT CCA GAC 

ACC GTC „ „„ m 

CUTI2I MH (36) TCC CCG CGG GAG AGC ATT GTC TCC TAG GGT 

GGC TCG „ „„„ 

CUTI2J MH (39) GAA GAG GCC TAG CAT CTC CCT GAT TGC GGC 

GCT AGA GGT 

CUTI2K MH (45) ACC GGC GAT CAA AGT CGC GTC AGG GCA CTT 

GGT GTT GGC CTG CTG 
CUTI2L MH (41) AGC TTG CTA GCG GCT GCA AGT GCA GCA CCC 

TGG CTG TAG CC 



10 20 30 40 , 50 60 

AATTCTC GGGCCCAGCA TTGCCTCCAA CCTTGAGTCC GCqTTCGGCA AGGACGGTGT 
GAG CCCGGGTCGT AACGGAGGTT GGAACTCAGG CGGAAGCCGT TCpGCCACA 

70 80 90 100 HO , 120 

CTGGATTCAG GGCGTTGG CG GTGCCTACC G AGCCACCCTA GGAGACAATG CTCTCjCCGCG 
SSSaIgtc CCGCAACCG C CACGGATG| GC TCGGTGGGAT CCTCTGTTAC GAGAGGGCGC 

150 , 160 170 180 



ISO 140 150 , loO A ' u .1 

GGGAACCTCT AGCGCCGCAA TCAGGGAGAT GCT^GGCCTC TTCCAGCAGG CCAACACCAA 
CCCTjTGGAGA TCGCGGCGTT AGTCCCTCTA CGATCCGGAG AAGjGTCGTCC GGTTGTGGTT 

190 200 210 220 230 240 

GTGCCCTGAC GCGACTTT GA TCGCCGGTG G CTACAGCCAG GGTGCTGCAC TTGCAGCCGC 
ScGgScT^ cgcTGAAACT AGCGGCC^ CC GATGTCGGTC CCACGACGTG AACGTCGGCG 



250 

TAGCA 
ATCGTTCGA 
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ski 

FigX. 

SYNTHETIC OUGONULEOTIDES USED TO CONSTRUCT CASSETTE 3 



CODE 


Length 


5 


1 <- 




CUTI3A 


MH 


(43) 


AAT 


tcc 










GGC 


CAT 


TCG 


CUTI3B 


MH 


(45) 


AAG 


ATC 

«V X w 










ACC 


AAG 


AAC 


CUTI3C1 


MH 


(42) 


AAT 


CGC 


GGC 








GAC 


AGG 


ACC 


CUTI3D 


MH 


(42) 


GTC 


TTC 


TGC 

X O W 








ACT 


GGT 


AGC 


CUTI3E 


MH 


(39) 




VjX 1 










CCT 


GAT 


GCC 


CUTI3F 


MH 


(33) 


CGG 












AAG 






CUTI3G1 


MH 


(32) 


GTT 


CGG 


GCT 








ta 






CUTI3H 


MH 


(30) 


GGC 


CGA 


GTC 


CUTI3I 


MH 


(45) 


CTT 


GGT 


GTA 








GAT 


CTT 


GTC 


CUTI3J1 


MH 


(42) 


GTC 


GGC 


AGG 








ATT 


CTG 


TAG 


CUTI3K 


MH 


(42) 


AGT 


ACA 


AAC 








GAC 


CTT 


GGT 


CUTI3L 


MH 


(39) 


ACC 


ATA 


TGC 








CAA 


GCT 


ACC 


CUTI3M 


MH 


(33) 


GAG 


GAA 


CTC 








AGG 






CUTI3N1 


MH 


(45) 


age 


tta 


age 








CCG 


AAC 


CTT 



sequence > 3 1 

TAG CAT CGA GGA CCT CGA CTC 
TGA C 

GGT ACC GTT CTG TTC GGC TAC 
CTA CAG 

CGA ATC CCC AAC TAC CCT GCC 
AAG 

AAT ACA GGA GAT CTC GTT TGT 
TTG 

GCA CCT CAC TTG GCA TAT GGT 

GCC CCT GAG TTC CTC ATC GAG 

GTC CGT GGT TCT GCT TGA get 

GAG GTC CTC GAT GCT AGC GGG 
GCC GAA CAG AAC GGT ACC GGC 
ACG AAT 

GTA GTT GGG GAT TCG GCC GCG 
GTT 

GAG ATC TCC TGT ATT GCA GAA 
CCT 

CAA GTG AGG TGC AGC AAC GAT 

AGG GGC AGG TCC CCG GGC ATC 

TCA AGC AGA ACC ACG GAC AGC 
CTC GAT 



10 20 30 40 , 50 60 

AATTCCCGC TAGCATCGAG GACCTCGACT CGGC CATTCG TGAq AAGATC GCCGGTACCG 
GGGCG ATCGTAGCTC CTGGAGCTGA GCCGGpAAGC ACTGTTCTAG CGGCCATGGC 

70 80 90 100 110 120 

TTCTGTTCGG CTACACCAAG AACCTACAGjA ATCGCGGCCG AATCCCCAAC TACCCTGCCG 
AAGACAAGCC GATGTGGTTC | TTGG ATGTCT TAGCGCCGGC TTAGGGGTTG ATGGGACGGC 

130 , 140 150 160 170 , 180 

A £AGGACCAA GP TCTTCTGC AATACAGGAG ATCTCGTTTG TAC TGGTAGC TTgU tCGTTG 
TC^rcCTGGTT CCAGAAGACG TTATGTCCTC TAGAGCAAAC ATGAJCCATCG AACTAGCAAC 

190 200 210 , 220 230 240 

CTGCACCTCA CTTGGCATAT GG TCCTGATG Cq CGGGGACC TGCCCCTGAG TTCCTCATCG 
GACGTGGAGT GAACCGTATA CC/jGGACTAC GGGCCCCTGG ACGGGGACTC AAGGAGpSGC 

I 250 260 270 280 

AGAAGC TTCG GGCTGTCCGT GGTTCTGCTT GAgctta 
TCTTCCAAGC CCGACAGGCA CCAAGACGAA CTcgaattcg a 



ftl IR.QTITI ITP SHFFT 
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c 
o 
R 



FiglDdofUl 

H 

E H B i 

gS s X nH B 

is p m cp 9 

At H n la 1 

I II I I II 1 

glaattcgagctcatcATGAAATTCTT ^ 

1 cttalctcgagtagTACTTTAAG^^ 

MK FFALTTLLAATAS 

pre-sequence 

P 

S u As 



1 sH 
0 cl 

/ 



P 
e 



GCTCTGCCTACTAC TAACCCTGC^ 
CGAGACGGATCATCfjrTGGGACGAGTCCT 

±PTSNPAQELEARQL G 
Dro-sequence - " 



pro-sequence 

c 
o 



R T T 
mature 



N B 

r c 
u 1 



CGCGAcbATCTGATCyvACGGCAATAGCGCTTCCTGCGCCGATGTCATCTTCATTTATGCT 

121 I- | +: H + + + 180 

GCGCTGCTAGACTAGTTGCCGTTATCGCGAAGGACGCGGCTACAGTAGAAGTAAATACGA 



R D D L I N 



NSASCADVIFIY 



SUBSTITUTE SHEET 
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Fig.1D(2ofU 



E 
s 

p 

3 
I 



181 



cgaggttgaacagagacgJ^caacttgggaactct^ 
+ 1 — h-1 + + 

GCTCCAAGlJrGTCTCTGCCCGTTC 



240 



RGSTETGNLGTLGPS 



A S N L 



E 
c 
i 
I 

GAGTCCGO 



241 



cjrrcGG 



T 
t 
h 

M 1 
m 1 
e 1 
I I 



CAAGGACGGTGTCTGGATTCAGGGCGTTGG 



TGCCTACCGAGCC 

4 , + 300 



CTCAGGCGGAAGCCGTT^CTGCCACAGACCT 



ESAFGKDGVWI QGVG 



A Y R A 



A 
v 
r 
I 
I 



N 
sS 
pa 
Be 
II 
II 



ACCCTAGGAGACAATGCTCTcjcCGCGGGGAACCTCTAGCGC 
301 + +-I _ u + + + 

TGGGATCCTCTGTTACXJAGAGGGCGCCCCTjPGC 

TLGDNALPRGTSSAA I R 



360 



3GAGATCGCGGCGTTAGTCCCTCTACGAT 

E M L 



E 
a 
r 
I 



D 
r 
a 
I 
I 



S 

g 

r 
A 



361 



I * I I J 

jGGCCTCTTra 

CCGGA^ 



420 



L F Q Q A N 



DAT 
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Hz 



Fig.WOofU) 



421 



AGCCAGGGTGCTGCACTTGCAGCCtoAGCATCGAGGACCTCGACTCGGCCATTCGTGACl 

+ h 1 i l + +T H 

TCGGTCCCACGACGTGAACGTCGGCGATaGTAGCTCCTGGAGCTGAGCCGGjrAAGCACTG 



480 



S Q G 



AALAAAS IEDLDSAIRD 



K 

P 
n 



B 

E s 
a i 
g E 
I I 



481 



AAGATCGCCGGTACCGTTCTGTTCGGCTACACCAAG AACCTACAC^ ATCGCGGCCGAATC 
TTCTAGCGGC^ATGGCAAGACAAGCCGATGTGGTTcjrTGGATGTCTTAGCGCCGGCTTAG 
KIAGTVL FGYTKNLQNRGRI 



540 



P 

B s 
b h 
s A 
I I 



BB 
gs 
It 
IY 
II 
/ 



541 



CCCAACTACCCTGCCGA CAGGACCAA<^ TCTTCTGCAATACA^AGATCTCGTTTCTACT 
G^GTTGATGGGACGGCTGjrCCTGGTTCCAGAAGACGTTATGTCCTCTAGAGCAAACATGA 
PNYPADRTKVFCNTGDLVCT 



600 



N 
d 
e 
I 



s 
m 
a 
I 



601 



GGTAGCTT<^ TCGTTGCTGCACCTCACTTGGCATATGG TCCTG 

|CCATCGAACTAGC^CGACGTGGAGTGAACCGTATACC^GACTACGG 

G S LI VAAPH LA YG P DARG PA 



660 
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FiQ.W(UofU) 
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t H 

h i 

B 1 An 

s 1 f d 

P 1 II 

M I II 

I .1 II 

CCTGAGTTCCTCATCGAGAAGCTTCGGGCTGTCCGTGGTTCTGCTTGAqcttalagctt 
661 + , T + + 1 + CT__ 718 

GGACTCAAGGAGpAGCTCTTCCAAGCCCGACAGGCACCAAGACGAACTcgaattcgaU 
PEFLIEKVRAVRGSA* 



SIIRSTITUTE SHEET 



WO 94/03578 PCT/EP93/01923 



Fig. 2. 



EcoRI BamHI RBS 

GASTfC5gSTCC<3TGGAGAAAATAAAATGAAACAAAGCACTATTGCACTGGCACTCTTAC 

+ + + + + 

CTTAAGCCTAGGCACCTCTTTTATTTTACTTTGTTTCGTGATAACGTGACCGTGAGAATG 

MKQSTIALALLP 

Spel 

CGTTACTGTTTACCCCTGTGGCAAACGCGGCGCCTACTAGT 

+ + + +- 

GCAATGACAAATGGGGACACCGTTTGCGCCGCGGATGATCA 

LLFTPVANAAPTS 



Pho A S.S. 



pro-cutinase 
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Fig. J. 

SYNTHETIC OUGONULEOTIDES USED TO CONSTRUCT CASSETTE 8 



51 < sequence > 3' 

AAT TCT CGA GCT CAT CAC ACA AAC AAA CAA 
AAC AAA AT 

GAT GCT TTT GCA AGC CTT CCT TTT C 

CTT TTG GCT GGT TTT GCA GCC AAA ATA TCT 

GCG GGT AGA Bell 

ACA ACT CGC GAC GAT CTG ATC ATC A 

AGC TTG ATG ATC AGA TCG TCG CGA GTT GTT 

CTA CCC GCA GA 

TAT TTT GGC TGC AAA AC 

CAG CCA AAA GGA AAA GGA AGG CTT GCA AAA 

GCA TCA TTT TGT TTT G 

TTT GTT TGT GTG ATG AGC TCG AG 



CODE 




Length 


AC 


01 


CV 


(38) 


AC 
AC 


02 
03 


CV 
CV 


(25) 
(39) 


AC 
AC 


04 
05 


CV 

cv 


(25) 
(41) 


AC 
AC 


06 
07 


cv 
cv 


(17) 
(46) 


AC 


08 


cv 


(23) 



Sac I 

aattctcgagctcatcacacaaacaaacaaaacaaaATCATGCTTTTGCAAGCCTTCCTT 

h . L+ 



4 



gagctcgagtagtgtgtttgtttjgttttgtttTACTACGAAAACGTTCGGAAGGAA 

MMLLQAFL 



TTdcTTTTGGCT(MTTTTGCAGCCAAMTATCTGCGGGTAGAcMCTCGCGACGAT^ 
1 , h h h-J 1 

AAGGAAAACCGACpAAAACGTCGGTTTTATjAGACGCCCATCTTGTTGAGCGCTGCTAGAC 



Bell 



FLLAGFAAKIS A 
ATCATCA lnvertase s.s. 

TAGTAGTTCGA 
I I 



GRTTRDDL 
mature Cutlnase 
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